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(54) Vertical cavity surface emitting laser (VCSEL), using buried bragg reflectors and method for 
producing same 



(57) A current confinement region (15, 55) located 
proximate to a pair of Bragg reflectors (12, 22; 52, 62) in 
a semiconductor laser (10, 50) and an epitaxial lateral 
overgrowth layer (16, 58) grown through an aperture 
(20, 60) in the current confinement region (15, 55) 
allows a desirable current flow (24, 66) in the laser (10, 
50). The placement of the current confinement region 
(15, 55) having an aperture (20, 60) formed therein 
allows the desired current flow (24, 66) through an 
active layer 17, 56) of the laser (10, 50). This current 
flow (24, 66) allows the laser (10, 50) to achieve a single 
spatial mode output. Furthermore, the ability to place a 
pair of Bragg reflectors (12, 22; 52, 62) in close proxim- 
ity to each other achieves a short optical cavity (23, 65) 
resulting in a single longitudinal mode output. Together, 
the single spatial mode and single longitudinal mode 
result in a desired single frequency output. The single 
frequency output is particularly useful for high speed, 
high rate optical and telecommunications. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates generally to s 
the fabrication of semiconductor lasers, and, more par- 
ticularly, to both long and short wavelength vertical cav- 
ity surface emitting lasers (VCSEL) using Bragg 
reflectors buried in an indium phosphide (InP) material 
system or a gallium nitride (GaN) material system and a 10 
method for producing same. 

BACKGROUND OF THE INVENTION 

[0002] Light emitting diodes (LED's), lasers, and the is 
like (collectively known as light emitting devices) are 
used widely in many applications today such as commu- 
nications systems, medical systems, and display sys- 
tems. These light emitting devices are commonly 
fabricated with epitaxial materials formed on a sub- 20 
strate, the epitaxial materials having a p-n junction, or 
active region, formed therein and typically include at 
least one Bragg reflector. A Bragg reflector is a funda- 
mental building block of many light emitting devices. In 
LED's, a Bragg reflector is fabricated between an active 25 
region and a substrate to reflect light out of the LED, and 
in lasers, a Bragg reflector is fabricated on either side of 
an active region to define an optical cavity. In the case 
of an LED, light emitted from an active region toward the 
substrate is reflected by a Bragg reflector back toward 30 
the surface where it combines with the light going 
toward the surface, thus increasing the light output of 
the LED. Bragg reflectors are typically composed of 
alternating layers of material having different refractive 
indices. In a semiconductor laser, one Bragg reflector 35 
should have a reflectivity approaching 99.9% and the 
opposing Bragg reflector (i.e., the one through which 
the laser light is emitted) should have a reflectivity of 
approximately 99.8%. 

[0003] For lasers used in communication systems, 40 
and particularly for optical communications systems, it 
is desirable for the laser to emit a relatively long wave- 
length light on the order of approximately 1.3-1.55 
micrometers (jum) and emit that light in a single spatial 
mode and in a single longitudinal mode. Laser emission 45 
in a single spatial mode and in a single longitudinal 
mode results in laser emission at a single frequency. A 
long wavelength, single frequency output allows the 
laser emission to be focused into an optical fiber and to 
perform well in communications systems in which very so 
high communication rates over long distances at high 
frequencies are required. 

[0004] Laser emission at these preferred wave- 
lengths requires that a laser be fabricated of a material 
having a small band gap, such as indium phosphide, ss 
Unfortunately, it is difficult to form Bragg reflectors using 
indium phosphide because it is difficult to find a compat- 
ible material having a refractive index different than that 



of indium phosphide, thus requiring an inordinately 
large number of reflector pairs in order to achieve the 
required reflectivity. 

[0005] One type of laser device that is capable of 
emitting a single frequency output at the desired com- 
munication frequency is a distributed feedback laser 
(DFB). However, distributed feedback lasers tend to be 
high in cost. 

[0006] Another way of achieving a long wavelength 
laser emission is to grow Bragg reflectors using a gal- 
lium arsenide (GaAs) material system and then join the 
GaAs Bragg reflectors, using a technique known as 
wafer bonding, to an indium phosphate (InP) substrate. 
A significant drawback to this method is that, typically, 
there is poor electrical conductivity across the bonded 
interface. Another drawback to this method is that the 
joining of the two different material systems using wafer 
bonding adds a costly manufacturing step, and requires 
the growth of two different material systems. 
[0007] Yet another method for creating a long wave- 
length laser without the use of wafer bonding is to use a 
GaAs semiconductor laser with an active layer compris- 
ing, for example, gallium arsenide nitride (GaAsN) or 
gallium arsenide phosphide antimonide (GaAsPSb), 
however, the growth of these active layers is difficult, 
costly and time consuming. 

[0008] Therefore, an unaddressed need exists in 
the industry for a long wavelength single frequency 
laser that may be fabricated simply from a single mate- 
rial system at a low cost. 

SUMMARY OF THE INVENTION 

[0009] The invention provides a semiconductor 
laser and method for producing same. Although not lim- 
ited to these particular applications, the present inven- 
tion is applicable to forming an indium phosphide (InP), 
long wavelength semiconductor laser and also, semi- 
conductor lasers fabricated from the gallium nitride 
(GaN) material system. 

[001 0] In architecture, the present invention may be 
conceptualized as a semiconductor laser, comprising a 
substrate assembly containing a first reflector, a current 
confinement region located on a surface of the sub- 
strate assembly, an epitaxial lateral overgrowth layer 
over the current confinement region, and a second 
reflector deposited over the substrate assembly. 
[0011] The present invention may also be concep- 
tualized as providing a method for forming a semicon- 
ductor laser, comprising the following steps: forming a 
substrate assembly containing a first reflector, forming a 
current confinement region located on a surface of the 
substrate assembly, growing an epitaxial lateral over- 
growth layer over the current confinement region, and 
forming a second reflector over the substrate assembly. 
[0012] The invention has numerous advantages, a 
few of which are delineated, hereafter, as merely exam- 
ples. 
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[001 3] An advantage of the invention is that it allows 
a semiconductor laser to emit a light output at a single 
spatial mode and a single longitudinal mode, resulting in 
a light output at a single frequency. 
[0014] Another advantage of the invention is that it 
improves the current confinement capability of a semi- 
conductor laser. 

[0015] Another advantage of the invention is that 
allows a long wavelength semiconductor laser to be fab- 
ricated from a single material system. 
[0016] Another advantage of the invention is that it 
allows a long wavelength semiconductor laser to be fab- 
ricated using commonly available materials with which 
to create the active region. 

[0017] Another advantage of the invention is that it 
is simple in design and easily implemented on a mass 
scale for commercial production. 
[001 8] Other features and advantages of the inven- 
tion will become apparent to one with skill in the art 
upon examination of the following drawings and detailed 
description. These additional features and advantages 
are intended to be included herein within the scope of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The present invention, as defined in the 
claims, can be better understood with reference to the 
following drawings. The components within the draw- 
ings are not necessarily to scale relative to each other, 
emphasis instead being placed upon clearly illustrating 
the principles of the present invention. 

Figs. 1 A through 1E are cross-sectional schematic 
views collectively illustrating the growth progression 
of a semiconductor laser having a reflector buried 
within a substrate of indium phosphide (InP) in 
accordance with the present invention; and 
Figs. 2A through 2G are cross-sectional schematic 
views collectively illustrating the growth progression 
of an alternative embodiment of the semiconductor 
laser of Figs. 1A through 1E. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The invention to be described hereafter is 
applicable to semiconductor lasers formed using vari- 
ous material systems, however, for simplicity, a pre- 
ferred embodiment will be described in the context of 
forming a long wavelength, indium phosphide semicon- 
ductor laser. It should be stressed that the principles of 
the present invention are applicable to other material 
systems as well. For example, the concepts of the 
present invention may be used in the fabrication of a 
gallium nitride semiconductor laser. 
[0021] Furthermore, for simplicity in the description 
to follow, only the principal layers of the semiconductor 
laser device will be illustrated. 



[0022] Figs. 1A through 1E are a series of cross- 
sectional schematic views collectively illustrating the 
growth progression of a preferred embodiment of the 
indium phosphide semiconductor laser 10 constructed 

5 in accordance with the present invention. 

[0023] Turning now to Fig. 1A, Bragg reflector 12 is 
deposited within n-type indium phosphide substrate 1 1 . 
Bragg reflector 12, as known in the art, may be com- 
prised of alternating layers of silicon dioxide (Si0 2 ) and 

10 titanium dioxide (Ti0 2 ) and is deposited within a trench 
etched in n-type indium phosphide substrate 1 1 using 
techniques such as evaporation. Alternatively, Bragg 
reflectors may be comprised of alternating layers of 
conductive material such as titanium nitride (TiN) and 

15 silicon carbide (SiC). Bragg reflectors comprised of con- 
ductive material may enhance current conduction when 
buried in indium phosphide, for example. Bragg reflector 
12 has a reflectivity approaching 99.9%, and is typically 
comprised of approximately 5-20 layer pairs of silicon 

20 dioxide and titanium dioxide. Bragg reflector 1 2 is some- 
times referred to as a Bragg mirror. 
[0024] Over indium phosphide substrate 11 and 
Bragg reflector 12 is deposited an additional layer of n- 
type indium phosphide 14. Layer 14 completes the 

25 structure in which Bragg reflector 12 is enclosed, 
whereby n-type indium phosphide substrate 11, Bragg 
reflector 12 and n-type indium phosphide layer 14 form 
n-type indium phosphide substrate assembly 13. With 
respect to Bragg reflector 12, the difference in the 

30 refraction indices of the silicon dioxide and titanium 
dioxide material comprising the layer pairs determines 
the reflectivity of the layer pairs. The thickness of each 
layer of silicon dioxide and titanium dioxide is A/4n (or 
odd multiples thereof), where X is the in vacuo wave- 

35 length of light reflected and n is the refractive index of 
the material. Note that any odd inter multiple of A/4n 
may be used. For example, material thickness of 3A/4n 
or 5A,/4n may be used as well. 

[0025] Bragg reflector 12, in this preferred embodi- 

40 ment, has a reflectivity approaching 99.9% because 
light will be emitted from the top of the device. This 
requires that the Bragg reflector located opposite the 
direction of the light output (i.e., Bragg reflector12) have 
maximum possible reflectivity. 

45 [0026] Fig. 1 B illustrates the addition of current con- 
fining layer 15 over n-type indium phosphide layer 14. 
Current confining layer 15 is deposited over n-type 
indium phosphide layer 14 in a manner which defines an 
aperture 20 which is smaller than the extent of Bragg 

so reflector 12. Current confinement layer 15 is formed by 
depositing a layer of current confining material over n- 
type indium phosphide layer 14, then removing a por- 
tion thereof which causes aperture 20 to be formed in 
the vicinity of Bragg reflector 12. Aperture 20 may be 

55 formed by photolithographic etching or photolitho- 
graphic liftoff as known in the art. Aperture 20 is formed 
such that current confining layer 15 overlies the periph- 
ery of Bragg reflector 1 2 so that aperture 20 is located 
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over part of Bragg reflector 12 as shown herein, thus 
forming a current confinement path, which will be illus- 
trated in detail with respect to Figs. 1D and 1E. It should 
be noted that while shown as residing concentrically 
over Bragg reflector 12, aperture 20 may reside any- 5 
where over Bragg reflector 12. 

[0027] Current confining layer 15 is illustratively 
formed using, for example, dielectric material such as 
silicon dioxide (Si02), silicon nitride (SiN), carbonized 
organic material, or silicon carbide (SiC), or indeed may 10 
be formed using non-dielectric material such as a high 
bandgap semiconductor material. Typically, current con- 
finement layer 15 will be formed using silicon carbide, 
silicon nitride, or silicon dioxide. 

[0028] Turning now to Fig. 1C, it can be seen that n- 15 
type indium phosphide layer 1 6 is grown over current 
confining layer 15, thus enclosing current confining 
layer 15 within n-type indium phosphide material. Note 
that layer 16 comprises an epitaxial lateral overgrowth 
layer that is grown within aperture 20 using n-type 20 
indium phosphide layer 1 4 as a seed layer. Layer 1 6 fills 
aperture 20 and then grows laterally over current confin- 
ing layer 15, gaining thickness as it grows. 
[0029] Over n-type indium phosphide layer 16 is 
deposited active layer 1 7. Active layer 1 7 is illustratively 25 
comprised of alternating layers of indium gallium arse- 
nide phosphide (InGaAsP) and indium phosphide (InP), 
for example, forming multiple quantum wells. 
[0030] Fig. 1 D illustrates a completed indium phos- 
phide semiconductor laser device 1 0. Over active layer 30 
17 is deposited a p-type layer of indium phosphide 18. 
Upon p-type indium phosphide layer 18 is deposited an 
additional Bragg reflector 22. Bragg reflector 22 is con- 
structed similarly to Bragg reflector 12, however, Bragg 
reflector 22, while also comprising 5-20 alternating pairs 35 
of silicon dioxide and titanium dioxide layers, will typi- 
cally have fewer pairs than Bragg reflector 12, thus 
resulting in a reflectivity of approximately 99.8%. The 
arrow 27 above Bragg reflector 22 indicates the light 
output of the semiconductor laser 1 0. Bragg reflector 22 40 
is slightly less reflective than Bragg reflector 12 for the 
reason that light will be emitted through Bragg reflector 
22 in the direction shown by the arrow. 
[0031] Also deposited upon p-type indium phos- 
phide layer 18 are p-ohmic contacts 19, while n-ohmic 45 
contact 21 is deposited on the bottom of n-type indium 
phosphide substrate 1 1 . 

[0032] To illustrate the effect of current confinement 
layer 15 having aperture 20 located over Bragg reflector 
12, notice illustrative current paths 24 between n-ohmic so 
contact 21 and p-ohmic contact 19. The flow of current 
between n-ohmic contact 21 and p-ohmic contact 19 
results in light being generated within active layer 17 
and amplified within optical cavity 23. Optical cavity 23 
is the region between and including Bragg reflector 12 55 
and Bragg reflector 22 in which the laser light generated 
in the active layer oscillates and is amplified. The light 
generated nearly completely reflects off Bragg reflector 



12 and a small portion thereof passes through Bragg 
reflector 22 to be emitted as a single frequency output in 
the direction indicated by the arrow 27. 
[0033] The location of aperture 20, in cooperation 
with the extension of current confining layer 15 over 
Bragg reflector 1 2 generates a very high current density 
in the region of the active layer corresponding to aper- 
ture 20 and between Bragg reflectors 12 and 22 so that 
the active layer may generate light that can be reflected 
by Bragg reflectors 12 and 22. The placement of the 
aperture as shown also aids in achieving a current den- 
sity in the active layer sufficient to achieve the lasing 
threshold and also sufficient to achieve a uniform cur- 
rent density, which aids in achieving the desired single 
mode output. This desired current flow is illustrated by 
arrows 24. Notice that the current is concentrated 
toward the center of aperture 20. This current flow 
allows indium phosphide semiconductor laser device 10 
to achieve a single spatial mode output. Furthermore, 
the ability to place Bragg reflector 12 and Bragg reflec- 
tor 22 in close proximity to each other achieves a short 
optical cavity 23 resulting in a single longitudinal mode 
output. Together, the single spatial mode and single lon- 
gitudinal mode result in the desired single frequency 
output. 

[0034] Alternatively, the current confinement result 
achieved by the placement of current confining layer 15 
having aperture 20 located in the vicinity of Bragg 
reflector 12 may be achieved through the use of ion 
implantation to create a current confining region in the 
n-type indium phosphide layer 14 proximate to Bragg 
reflector 12, which will be described in detail with 
respect to Fig. 1E. 

[0035] Referring to Fig. 1 E ion implantation regions 
25 are illustratively formed in n-type indium phosphide 
layer 14 adjacent to Bragg reflector 12. Ion implantation 
regions 25 form aperture 20 in the vicinity of Bragg 
reflector 12. Ion implantation regions 25 may be formed 
by implanting, for example hydrogen, oxygen, helium 
and iron ions as known by those skilled in the art. 
Whether aperture 20 is formed by a current confine- 
ment layer 15 or through the use of ion implantation, the 
result is that the current flow between p-ohmic contacts 
1 9 and n-ohmic contact 21 is directed so as to maximize 
the current density in the active layer as described 
above, thus enabling a clean single frequency output. 
[0036] Figs. 2A through 2G are cross-sectional 
schematic views collectively illustrating the growth pro- 
gression of an alternative embodiment of the semicon- 
ductor laser of Figs. 1 A through 1 E. 
[0037] Turning now to Fig. 2 A, shown is n-type 
indium phosphide substrate 51 upon which is deposited 
Bragg reflector 52. Because indium phosphide semi- 
conductor laser 50 of this alternative embodiment will 
emit light through the bottom of the device, Bragg reflec- 
tor 52 is similar in structure to Bragg reflector 22 of Figs. 
1A-1E, in that Bragg reflector 52 has a reflectivity 
approaching 99.8% so that it will pass output laser light. 
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Bragg reflector 52 is illustratively comprised of 5-20 
pairs of alternating layers of silicon dioxide and titanium 
dioxide. 

[0038] Fig. 2B illustrates the deposition of n-type 
indium phosphide epitaxial layer 54 over n-type indium s 
phosphide substrate 51 and Bragg reflector 52, result- 
ing in Bragg reflector 52 being completely enclosed, or 
buried, within n-type indium phosphide material, thus 
forming n-type indium phosphide substrate assembly 
53. 

[0039] As can be seen in Fig. 2C, active layer 56, 
which comprises alternating layer pairs of indium gal- 
lium arsenide phosphide (InGaAsP) and indium phos- 
phide (InP) for example, forming multiple quantum wells 
in a structure similar to that described with respect to 
Fig. 1C, is grown over indium phosphide epitaxial layer 
54. Over active layer 56 is grown p-type indium phos- 
phide layer 57. 

[0040] Fig. 2D shows the deposition of current con- 
finement layer 55 over p-type indium phosphide layer 
57. Current confinement layer 55 is deposited over p- 
type indium phosphide layer 57 in a manner which 
defines an aperture 60 which is smaller than the extent 
of Bragg reflector 52. Current confinement layer 55 is 
formed by depositing a layer of current confining mate- 
rial over p-type indium phosphide layer 57, then remov- 
ing a potion thereof which causes aperture 60 to be 
formed in the vicinity of Bragg reflector 52. Aperture 60 
may be formed by photolithographic etching or photo- 
lithographic liftoff as known in the aft. As can be seen, 
current confinement layer 55 overlies the periphery of 
Bragg reflector 52 so that aperture 60 is located over 
part of Bragg reflector 52. Aperture 60 functions to 
direct current through active layer 56 as described with 
respect to Figs. 1B, 1C and 1D. It should be noted that 
while shown as residing concentrically over Bragg 
reflector 52, aperture 60 may reside anywhere over 
Bragg reflector 52. 

[0041] Referring now to Fig. 2E, shown is the depo- 
sition of p-type indium phosphide layer 58 over current 
confinement layer 55 and p-type indium phosphide layer 
57. The deposition of p-type indium phosphide layer 58 
is achieved using epitaxial lateral overgrowth beginning 
in aperture 60 and using p-type indium phosphide layer 
57 as a seed layer from which to grow p-type indium 
phosphide layer 58 similar to that described with 
respect to Fig. 1 C. 

[0042] Shown in Fig. 2F is the deposition of Bragg 
reflector 62 over p-type indium phosphide layer 58. 
Bragg reflector 62 has a reflectivity approaching 99.9%, 
thereby achieving near total reflection. Bragg reflector 
62 is similar in structure to Bragg reflector 12 of Figs. 
1A-1E, in that it is comprised of approximately 5-20 
pairs of alternating layers of silicon dioxide and titanium 
dioxide. Bragg reflector 62 is nearly totally reflecting so 
that light generated in laser device 50 may be emitted 
through Bragg reflector 52 out of the bottom of the 
device in the direction of the arrow 68 shown in Fig. 2G. 



As stated above, Bragg reflector 52 is similar in struc- 
ture to Bragg reflector 22 of Fig. 1 D in that it has a 
reflectivity of approximately 99.8% and is comprised of 
approximately 5-20 layer pairs of silicon dioxide and tita- 
nium dioxide. Bragg reflectors 52 and 62 may also be 
formed using titanium nitride and silicon carbide as dis- 
cussed above. 

[0043] Still referring to Fig. 2F, also deposited over 
p-type indium phosphide layer 58 are p-ohmic contacts 
59 and deposited on the bottom of n-type indium phos- 
phide substrate 51 are n-ohmic contacts 61. 
[0044] Referring now to Fig. 2G, it can been seen 
that gold (Au) plate layer 64 has been applied over p- 
ohmic contacts 59, Bragg reflector 62, and the portions 
of p-type indium phosphide layer 58 that are exposed 
between p-ohmic contacts 59 and Bragg reflector 62. 
Gold plate layer 64 provides heat sink capability for 
indium phosphide semiconductor laser 50. As illustrated 
in Fig. 2G, the flow of current as indicated by paths 66 
formed between n-ohmic contact 61 and p-ohmic con- 
tact 59 is channeled through the aperture 60 defined by 
current confinement layer 55 so as to enable the desired 
flow of current between n-ohmic contact 61 and p-ohmic 
contact 59. This arrangement results in light being gen- 
erated within active layer 56 and amplified within optical 
cavity 65. 

[0045] Optical cavity 65 is the region between and 
including Bragg reflector 52 and Bragg reflector 62 in 
which the laser light generated in the active layer oscil- 
lates and is amplified. The light generated nearly com- 
pletely reflects off Bragg reflector 62 and a small portion 
thereof passes through Bragg reflector 52 to be emitted 
as a single frequency output in the direction indicated by 
the arrow 68. 

[0046] The location of aperture 60, in cooperation 
with the extension of current confining layer 55 over 
Bragg reflector 52 generates a very high current density 
in the region of the active layer corresponding to aper- 
ture 60 and between Bragg reflectors 52 and 62 so that 
the active layer may generate light that can be reflected 
by Bragg reflectors 52 and 62. The placement of the 
aperture as shown also aids in achieving a current den- 
sity in the active layer sufficient to achieve the lasing 
threshold and also sufficient to achieve a uniform cur- 
rent density, which aids in achieving the desired single 
mode output This desired current flow is illustrated by 
arrows 66. Notice that the current is concentrated 
toward the center of aperture 60. The placement of cur- 
rent confinement layer 55 forming aperture 60 therein 
allows the desired current flow 66 through active layer 
56. This current flow allows indium phosphide semicon- 
ductor laser device 50 to achieve a single spatial mode 
output. Furthermore, the ability to place Bragg reflector 
52 and Bragg reflector 62 in close proximity to each 
other achieves a short optical cavity 65 resulting in a 
single longitudinal mode output. Together, the single 
spatial mode and single longitudinal mode result in the 
desired single frequency output in the direction shown 
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by the arrow 68. 

[0047] Although not shown with respect to Figs. 2A- 
2G, the current confinement result achieved by current 
confinement layer 55 may also be achieved through the 
use of ion implantation in p-type indium phosphide layer 
57, similar to that described with respect to Fig. 1 E. The 
current confinement achieved through the placement of 
aperture 20 with respect to Figs. 1A-1E, and the place- 
ment of aperture 60 with respect to Figs. 2A-2E, 
together with the epitaxial lateral overgrowth through 
the aperture, using the layer of material beneath the 
current confinement layer as the seed material from 
which the epitaxial lateral overgrowth begins, allows the 
desired current flow within devices 20 and 50 respec- 
tively. 

[0048] While the semiconductor laser devices of 
Figs. 1A-1E and Figs. 2A-2G respectively, show light 
output through the top of the device and the bottom of 
the device, it should be noted that, by reversing the 
placement of the mirrors and the heat sink of Fig. 2G, 
light may be emitted through opposite sides of the 
respective devices without departing from the scope of 
the present invention. 

[0049] It will be obvious to those skilled in the art 
that many modifications and variations may be made to 
the preferred embodiments of the present invention, as 
set forth above, without departing substantially from the 
principles of the present invention. For example, the 
present invention can be used to fabricate various light 
emitting devices, and is equally applicable to growing 
layers of other Group lll-V semiconductors in general. 
Furthermore, devices constructed in accordance with 
the present invention may be either top emitting or bot- 
tom emitting and may have all n-type and p-type mate- 
rial layers reversed. All such modifications and 
variations are intended to be included herein within the 
scope of the present invention, as defined in the claims 
that follow. 

Claims 

1 . A semiconductor laser (1 0,50), comprising: 

a substrate (11, 14, 51, 54); 

a first reflector (12, 52), wherein said first 

reflector (12, 52) and said substrate (11, 14, 

51, 54) comprise a substrate assembly (13, 

53); 

a current confinement region (15, 55) located 

over said substrate assembly (13, 53); 

an epitaxial lateral overgrowth layer (16, 58) 

over said current confinement region(15, 55); 

and 

a second reflector (22, 62) deposited over said 
substrate assembly (13, 53). 

2. The laser (10, 50) of claim 1, wherein said current 
confinement region (15, 55) forms an aperture (20, 



60) proximate to said first reflector (12, 52). 

3. The laser (10, 50) of claim 1 or 2, wherein said cur- 
rent confinement region (15, 55) comprises a die- 

5 lectric layer. 

4. The laser (10, 50) of one of the preceding claims, 
wherein said current confinement region (15, 55) 
comprises a high bandgap semiconductor material. 

10 

5. The laser (10, 50) of one of the preceding claims, 
wherein said substrate (11, 14, 51, 54) comprises 
indium phosphide. 

15 6. A method for forming a semiconductor laser (10, 
50), comprising the steps of: 

forming a substrate (11, 14, 51 , 54); 
forming in said substrate (11, 14, 51, 54) a first 
20 reflector (12, 52) having a first reflectivity; 

forming a substrate assembly (11, 13) by 
enclosing said first reflector (12, 52) in said 
substrate (11, 14, 51,54); 
forming a current confinement region (15, 55) 
25 located over said substrate assembly (13, 53); 

growing an epitaxial lateral overgrowth layer 
(16, 58) over said current confinement region 
(15, 55); and 

forming a second reflector (22, 62) over said 
30 substrate assembly (1 3, 53). 

7. The method of claim 6, wherein said current con- 
finement region (15, 55) forms an aperture (20, 60) 
proximate to said first reflector (12, 52). 

35 

8. The method of claim 6 or 7, wherein said current 
confinement region (15, 55) comprises a dielectric 
layer. 

40 9. The method of one of claims 6 to 8, wherein said 
current confinement region (15, 55) comprises a 
high bandgap semiconductor material. 

10. The method of one of claims 6 to 9, wherein said 
45 substrate (11, 14, 51, 54) comprises indium phos- 
phide. 
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Fig. 2C 
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Fig. 2E 
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Fig. 2G 



